The aqueous solvation of halides, chloride in particular, is a highly active area of research since these are among the most common anions in nature, and the energetics and structures of chloridewater clusters are important to our understanding of solvation phenomena.
[1] For example, solvated anions are relevant to the study of aqueous salt interfaces, biologically-important water/membrane interfaces, electrical phenomena in the troposphere and ionosphere, and the mobility of ions.
Consequently, chloride hydrates have been investigated by a large number of both experimental and theoretical techniques. [2] Almost all of these studies have focussed on monochloride hydrates of the form [Cl(H 2 O) n ] -and have addressed issues such as coordination numbers, the stability and structures of the complexes, their infrared spectra, whether the halides are surface or interior ions etc. Due to the tendency of chlorides to be surface cluster atoms, these clusters invariably have lowenergy polar structures. [2] In contrast to the monochlorides, the study of dihalide hydrates is almost unknown. We are unaware of any theoretical studies on dihalide hydrate clusters and only one brief structural report of a discrete dichloride hydrate cluster. [3] Dichloride clusters have a greater potential to form non-polar clusters and, as well as being relevant in concentrated solutions, may be more relevant in hydrophobic and low-polarity environments. We now report on structural and (Figure 1 ) is interesting in its own right; other amino cyclopropenium cations described to date contain planar N atoms, however, steric interactions force two of the isopropyl groups out of the C 3 N 3 plane and one of the N atoms, N2, assumes a distorted tetrahedral geometry in the solid state. The structure of this and related cations will be discussed elsewhere. [4] To our surprise, the chloride was found as the discrete dichloride There has been one [3] previous report of such a discrete 1 2-cube: Dalley and coworkers reported it as a salt of sodium cryptand [2.2.2] (CCD reference code ZOMBAE). [5] A dichloride hexahydrate cube with hydrogen bonding to a cationic complex has been characterised (CHYDNI) [6] and there is also a report of a dibromide hexahydrate cube as part of a hydrogen-bonding network (KIQVAH). [7] The bromide salt [K(Crypt-222)]Br.3.5H 2 O has disordered cubes of water molecules and bromide anions as part of a hydrogen-bonding network. [8] There is also an interesting "inverted"
2+ cube within a network of hydrogen bonds. [9] ca. 10° smaller than in CHYDNI, but similar to that in ZOMBAE. The origin of the structural differences between the three 1 2-clusters must be a combination of crystal-packing forces in the form of differing electrostatic arrangements and steric interactions, as well as the external hydrogen-bonding interactions in CHYDNI.
As can be seen in Figure 3 , we found 1 2-to be well isolated from the cationic centers: the chlorides are surrounded by isopropyl groups and the closest interactions of the cluster with the C 3 + ring occur to O1 and O1' (above and below as shown in Figure 3 ) with O1-C1 = 3.1488 (9) between the cation and halide which leads to isolated anions. [11] We might, therefore, expect our cluster to be less distorted from the ideal gas-phase structure than the others, especially CHYDNI since that cluster is involved in external hydrogen bonding.
In order to investigate the low-energy gas-phase structure of 1 2-and its stability, calculations were performed at both the MP2/aug-cc-pVDZ and B3LYP/aug-cc-pVDZ level ( Table 2) . The structures were shown to be true minima by calculation of the harmonic vibrational frequencies.
The calculations assumed S 6 symmetry for the structure of 1 2- . When the calculations were repeated starting with C 1 symmetry, they converged to the S 6 structure. Both calculations give structural parameters that are significantly closer to those found in our X-ray study than to what has been found in ZOMBAE and CHYDNI. As might be expected, the MP2 calculation tends to give structural parameters closest to that reported here. The Cl-Cl distance differs by only 0.12 Å while the O-O distances differ by only 0.004 Å and the Cl-O distances by only 0.058 Å. Similarly, the angles are in excellent agreement, with less than 1° difference between these parameters. It would seem that ion-pair strain has indeed resulted in a relatively isolated and undistorted 1 2-cluster.
Since the corresponding monomer of 1 2-, [Cl(H 2 O) 3 ] -(2 -), has been extensively investigated, [2, 12] similar calculations were also performed on this cluster for comparison. The Cl-O distances for 1 2-, which has no net dipole moment, and its polar pyramidal monomer differ by less than 0.07 Å, however, the O-O distances for 1 2- [12] The strongly negative ΔH° calculated for 1 2-attests to its gas-phase stability. Clearly, the six Cl-HO hydrogen bonds are sufficient to overcome the electrostatic repulsion between the chlorides. It should be noted, however, that it is not as stable as its monomer 2 -(ΔH° for 2 -should be multiplied by 2 for a more accurate comparison). [12] This is not surprising given the electrostatic repulsion in 1 2-, even though the hydrogen-bonding interactions may be stronger in the dianion.
In summary, we have described an interesting well-isolated dichloride hydrate cluster, presented the first calculations on a dichloride hydrate, and shown that such a species would be stable in the gas phase. The presence of such dianionic species in hydrated halide phases should therefore be considered, particularly in studies involving concentrated solutions and low-polarity environments, even though local polarisations are likely to be important. This work ZOMBAE [5] CHYDNI [6] KIQVAH [7] X 
